Individuals with OSAS have been found to have even higher serum leptin levels than non-apneic individuals with similar BMIs. 5 Leptin has also been shown to improve respiratory control during sleep. 6 A resistance to this hormone may increase the likelihood of OSAS in obese individuals.
While obesity is a cause of OSAS, it may also be a result of the disorder. For example, a person who experiences daytime sleepiness may be less active and therefore at greater risk for weight gain. In addition, leptin resistance may make weight management difficult for these individuals.
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The most common and effective treatment for OSAS is CPAP, which provides a continuous flow of pressurized air to keep the upper airway from collapsing during sleep. CPAP is effective in 80% to 90% of sleep apneics. 1 Despite its effectiveness, 20% to 40% of patients do not use CPAP, and others use it only part of the time. 3 Some patients do not tolerate CPAP, and some perceive insufficient benefit to justify its use.
CPAP can improve daytime sleepiness due to sleep apnea, as evidenced by a decrease in mean Epworth Sleepiness Scale scores (ESS) among regular users.
Since obesity is a common cause of OSAS, weight loss can be an effective treatment. Weight loss may be difficult to achieve in the face of untreated apnea, however, for several reasons. Daytime sleepiness and fatigue may decrease motivation to lose weight. As previously mentioned, leptin resistance in OSAS patients may lead to increased caloric intake. 
Scientific inveStigAtionS
Study objectives: Obesity is an important risk factor for obstructive sleep apnea syndrome (OSAS), and weight loss can reduce apnea severity or even lead to resolution in some patients. Effective CPAP therapy may lead to weight loss by any of several proposed mechanisms, including, but not limited to, increased physical activity and increased responsiveness to leptin. This retrospective study sought to determine whether subjects who adhered to prescribed CPAP treatment for OSAS would lose weight, or gain less weight than control subjects who were either untreated or did not adhere to prescribed CPAP treatment. Methods: BMI was determined at the time of diagnosis and at followup approximately 1 year (10-14 months) later. Subjects who used CPAP ≥ 4 h per night and ≥ 70% of nights were considered treatment subjects. Control subjects used no treatment for OSAS or used CPAP < 4 hours per night or < 70% of nights for 1 year. Effective treatment of apnea may facilitate weight loss in some patients. We hypothesized (1) that subjects with OSAS would lose weight after regular CPAP use for approximately 1 year and (2) that subjects who used CPAP regularly for 1 year would lose more weight or gain less weight than control subjects with OSAS who were not treated or nonadherent with CPAP treatment. Follow-up visit at the Illinois Neurological Institute 2.
Results
Sleep Center at approximately 1 year (10-14 months)
ExclusIon:
Women who were pregnant at the time of diagnosis or 1.
before the 1 year follow-up. Subjects reporting use of weight loss medications such 2.
as orlistat (Xenical), sibutramine (Meridia), phentermine (Adipex-P, Ionamin), rimonabant, phenylpropanolamine (Dexatrim, Acutrim), and ephedrine (Metabolife, Metabolite, MetaboMax). Subjects who had undergone bariatric surgery at any 3.
time before the 1 year follow-up.
Subjects who used CPAP ≥ 4 hours a night for ≥ 70% of nights (determined using the downloadable data from the patient's CPAP machine) at the time of follow-up 10-14 months after diagnosis were considered treatment subjects. Control subjects had no treatment (CPAP, oral appliances, or surgery) for OSAS or used CPAP < 4 hours a night or < 70% of nights.
Paired, 2-tailed t-tests were used to compare subjects' BMI at the time of diagnosis and at follow-up 1 year later. Unpaired, 2-tailed t-tests were used to compare the change in BMI of treatment and controls subjects 1 year after diagnosis. Data were considered significant at p ≤ 0.05. Data are expressed as means ± SD.
ReSULtS
A total of 309 subjects were identified, 228 (64% men) of whom met inclusion criteria. Eighty-one subjects were excluded because they did not have a follow-up in the 10-14 month range, had used weight loss medications, or had used CPAP prior to their initial visit. There was no significant difference in age or initial BMI between treatment (n = 183) and control subjects (n = 45). The average age of subjects was 55.4 ± 12 years. Average initial BMI of treatment subjects was 35.9 ± 10 kg/m 2 and control subjects was 33.5 ± 7.8 kg/m 2 . In the treatment group, 53.0% (97) of subjects gained or lost ≥ 1 kg/m 2 . In the control group, 55.6% (25) of subjects gained or lost ≥ 1 kg/m 2 . The change in BMI between treatment and control subjects did not significantly differ after 1 year (Figure 1 , p = 0.3157).
When CPAP compliance criteria were increased to ≥ 7 h/night for ≥ 90% of nights, treatment subjects (n = 63) had a significant increase in BMI compared to controls (n = 45; Figure 2 , p = 0.0236).
BMI significantly increased in non-obese (BMI < 30) treatment subjects following 1 year of CPAP use (Figure 3 , p = 0.0443, n = 46). BMI did not significantly change in obese (BMI ≥ 30) treatment subjects (p = 0.9721, n = 137), obese controls (p = 0.4471, n = 28), or non-obese controls (p = 0.9124, n = 17) after 1 year. When separated by sex, neither non-obese men (p = 0.2240) nor non-obese women (p = 0.0647) in the treatment group lost or gained significant weight (Table 1) .
When the change in BMI of non-obese treatment subjects was compared to that of non-obese control subjects, there was no significant difference between the two (p = 0.3790). Similarly, there was no significant difference between obese treatment subjects and obese controls (p = 0.3820). There was no significant difference in the change in BMI when non-obese men were compared to non-obese women in the treatment group (p = 0.0734).
In the treatment group, there was a significant difference in the change in BMI when women were compared to men after 1 Table 2 ).
DiScUSSion
This study examined the link between regular CPAP usage and weight change. We believed, as do many physicians and patients, that effective use of CPAP may promote weight loss. Contrary to our hypothesis, however, the CPAP treatment group did not lose weight. Anecdotally, some subjects initially lost weight after starting CPAP but subsequently gained it back by follow-up 1 year later. Loube et al. found CPAP facilitated short-term weight loss in 35 obese OSAS patients. 11 Weight was measured at an initial visit and at a follow-up visit approximately 6 months later. A study that examines weight changes both at shorter intervals and for longer duration may clarify this discrepancy.
BMI significantly increased in non-obese CPAP users. The increase was not seen in obese treatment subjects, obese controls, or non-obese controls. Although we did not measure leptin levels in this study, previous studies have shown CPAP treatment reduces leptin levels in OSAS patients. 12 Harsch et al. found a greater decrease in leptin levels in subjects with a BMI < 30 than in subjects with a BMI ≥ 30 after 8 weeks of CPAP treatment. 13 Because low levels of leptin stimulate increased caloric intake, lower leptin levels may have been responsible, at least in part, for the significant weight gain in our non-obese treatment subjects. Further study of CPAP use, weight changes, and leptin levels may advance our understanding of the pathophysiology of weight changes in sleep apnea.
Interestingly, when subjects with very good adherence to CPAP were compared to controls, a significant increase in BMI was seen in those treatment subjects. Perhaps greater CPAP adherence leads to a greater decrease in leptin and resultant increased caloric intake.
BMI increased with CPAP use in women but not men. There was no significant difference between men and women in the control group. In the general population, the incidence of weight gain is twice as high in women as men.
14,17 Overweight women are even more likely to gain weight than women of normal weight. Since approximately 98% of women in the treatment group were overweight or obese at baseline, their baseline weight may have made further weight gain more likely.
Obesity results when energy intake exceeds energy expenditure (EE). In normal individuals, EE typically decreases during sleep. 15 In individuals with sleep apnea, particularly severe sleep apnea, EE in sleep increases during apneic sleep and decreases with CPAP treatment. 18 Treated apneics who do not concomitantly increase their EE while awake may therefore be more prone to a net weight gain while using CPAP. Kajaste et al. implemented a 2-year weight reduction program for 31 obese male sleep apneics. 16 Subjects were randomized into 2 groups, CPAP and non-CPAP, to see if CPAP treatment during the first 6 months of the weight reduction program facilitated weight loss. No significant differences between the two groups were observed. Although each group lost significant weight with respect to baseline, this effect was independent of CPAP use. The Kajaste et al. study relied on self-reports of CPAP use, and the authors believed poor adherence to CPAP treatment may have been responsible for the lack of difference between the two groups. Our study obtained objective compliance data, but adherence to CPAP was not associated with weight loss. As noted above, our study found a larger increase in BMI in subjects with very good CPAP adherence. It may be that our group with very high CPAP compliance gained weight related due to reduced energy expenditure during sleep. Limitations to this study include the small sample size and retrospective study design. The much smaller number of control subjects than treatment subjects requires a greater difference in BMI of controls to be significant. This difference in sample size reduces the power of the statistical findings; however, since the findings of our study concur with other findings, we believe our conclusions to be valid. It is possible the excluded subjects may have lost weight, which biases the results to the null. The retrospective study design limits the availability of data and the control of confounding factors. A larger, prospective study, which includes the measurement of leptin levels and energy expenditure, seems justified.
CPAP may impact weight in ways not accounted for here. Physicians should stress the importance of an active weight loss plan, as many patients may believe that treatment of OSAS with CPAP alone will lead to weight loss. Although CPAP can improve the sleepiness of OSAS, patients may not increase activity levels and caloric expenditure beyond energy intake. Since the majority of OSAS patients are obese when diagnosed, weight management may be difficult for this group in general. Weight change, naturally, involves more factors than leptin levels and improved alertness. Patients must take an active role in weight loss plans and use improved daytime alertness to their advantage to shift the balance of energy intake and energy expenditure. CPAP may facilitate weight loss in some patients but is probably not sufficient on its own for most. 
